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Abstract
The popularity of iinancial derivatives and especially options is widespread in 
the last decade. Although various commodity options became popular nowa­
days, no form of water option happened to arise because there were no need. 
On the other hand, Turkey and the Middle East countries are at the point of 
decision which market mechanism to choose for the trade of water. In this 
thesis, we will try to suggest call options on water, making estimations for the 
last decade which can be used in efficiency tests and projections on the future 
of water market.
K eyw ords: Commodity Options, Black-Scholes Option Pricing, Binomial Op­
tion Pricing, Water Calls.
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Chapter 1
Introduction
The water problem of the Middle East countries continues for years and it is 
certain that shall continue by increasing amounts in the next decades. On the 
other hand, Turkey, though faces certain periods of drought, has water more 
than it needs. The rising problem of drought in the Middle East gives Turkey 
the chance of selling water to those countries. The ways how this water has to 
be sold is now being commonly argued. There are some market mechanisms 
that the trade can occur. In this paper following the work of Prof. Haluk 
Akdoğan [i], it would be suggested that the trade be on the grounds of call 
options.
The reasons for such a suggestion are not the main scope of this thesis, though 
they are given by a small summary. The readers who want to learn the theo­
retical background for this hypotheses shall refer to [1].
The main aim of this Master’s Thesis is to simulate the water call option prices 
for the past ten years as if a call option market for water pre-existed. Hence 
this simulation provides a useful background for those that may v/ant to test 
the efficiency and the gains/losses to the government of the choice to sell water 
by call option writing.
The estimations are made using the two basic option pricing models, namely 
the Black-Scholes Option Pricing model and the Binomial Option Pricing 
model. Although some modifications for the Black-Scholes model are recom­
mended in the thesis in order to apply to water call options, the standard
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formula had to be used because the existing softwares on option pricing only 
consists the standard formula as expected. The software used for these esti­
mations is the “Option! Software to Accompany Options: An Introduction” 
by Robert W. Call, copyright 1991 by Kolb Publishing Co.
The basic problem of the simulation may seem to be the fact that the option 
pricing models that are used are designed basically for the call buyers, not for 
the call writers. However, the concept of the fair value of an option is the basic 
movement point of the two models which can be given with Gastineau’s [9] 
words as:
The price at which both the buyer and the writer of the option 
should expect to break even, neglecting the effect of commissions, 
after an adjustment for risk. Fair value is an estimate of where an 
option should sell in an efficient market, not where it will sell.
As what is done here is just estimations, the fair value of an option just fits 
with what we are trying to find; thus the models are applicable to our concept.
The layout of the thesis is as follows: Chapter 2 summarizes the terms that 
shall be used in the thesis giving an insight to the concept of options. The 
terminology for the options can range in some certain terms. Wherever a 
confusion on the terms exists, the reference shall be to this section. Moreover, 
some examples from the history of the commodity options which may help us 
to understand the functioning and the advantages/disadvantages of the water 
call option markets are given in this section.
The reason why water has to be sold by call options and the means for such 
an action is explored to limited extent in chapter 3.
In chapter 4, we shall initially be introduced to option pricing theory. Then 
the basic principles of the Black-Scholes Option Pricing model are given fol­
lowed by the commodity option pricing model of Black [2] . The non-relevancy 
of these two models makes it essential to give another alternative formula. 
Affected by the work of Labuszewski and Sinquefield [11], this thesis recom­
mends an alternative formula for the water call option pricing though it needs 
independent investigation. However the complex mathematical backgrounds 
of these models together with the Binomial Option Pricing model falls out of
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the scope of this thesis; thus given just a.s a summary.
The way the relevant data used and created for the determinants of the price 
of a call option is given in chapter 5, together with a detailed analysis of the 
results of the estimations that are given in Appendix.
Finally, in chapter 6, the conclusion of the thesis and the recommendations for 
the future work on the field of water call options are given.
Chapter 2
Commodity Call OptionsiA General 
Review
2.1 Elementary Definitions
A commodity call option is the right to buy a particular commodity at a 
certain price for a limited period of time. The commodity in question is Ccilled 
the underhying commodity. The price at which the commodity can be bought 
is the exercise price, also called the striking price^. A commodity call option 
affords this right to buy for only a limited period of time; thus each option has 
an expiration date.
The Value o f O ptions An option is a “wasting” asset; that is, it has only 
an initial value that declines (or “wastes” away) as time passes. It may even 
expire wortireless, or the holder may have to exercise it in order to recover some 
value before expiration. Of course the holder may sell the option in the listed 
option market before expiration.
An option is also a security by itself, but it is a derivative security. The option 
is irrevocably linked to the underlying commodity; its price fluctuates as the 
price of the underlying commodity rises or falls.
Tn the listed options market, “exercise price” and “striking price” are synonymus; in the 
older, over-the-counter options market, they have different meanings, [12] p. 4.
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2.2 The Call Option Itself: Other Definitions
Classes and Series. A class of call oi^tions refers to all call contracts on the 
same underlying commodity. For instance, all water call options-all the calls 
at various strikes and expiration months-form one class. A series, a subset of 
a class, consists of all contracts of the same class having the same expiration 
date and striking price.
The Holder and Writer. Anyone who bu) s^ an option as the initial transaction 
is called the holder. On the other hand, the investor (or producer of the 
commodity) who sells an option as the initial transaction is called the writer of 
the option. Commonly, the writer of an option is referred to as being short the 
option contract. The term “writer” dates back to the over-the-counter days, 
when a direct link existed between buyers and sellers of options; at that time, 
the seller was the writer of a new contract to buy commodity, [14] chp. 1.
Exercise and Assignment. A call option owner (or holder) who invokes the 
right to buy is said to exercise the option. The holder may exercise the option 
any time after taking possession of it up until 8.00 P.M. on the last trading 
day; the holder does not have to wait until the expiration date itself before 
exercising, [5] . Whenever a holder exercises an option, somewhere a writer is 
assigned the obligation to fulfdl the terms of the option contract: Thus if a call 
holder exercises the right to buy, a call writer is assigned the obligation to sell.
In- and Out-of-the-Money. Certain terms describe the relationship between 
the commodity price and the option’s striking price. A call option is said to 
be out-of-the-money if the commodity is selling below the striking price of the 
option. A call option is in-the-money if the commodity price is above the 
striking price of the option.
Intrinsic Value and Premium. The intrinsic value of an in-the-money call is 
the amount by which the commodity price exceeds the striking price. If the 
call is out-of-the-money, its intrinsic value is zero. The price that an option 
sells for is commonly referred to as the premium. The premium is distinctly 
different from the time value p7'emium (called time premium for short) which 
is the amount by which the option premium itself exceeds the intrinsic value.
European vs. American Call. A call option contract that can be exercised at 
any time prior to expiration is called an American call. This contrasts with a 
European call, which may be exercised only on the expiration date.
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2.3 History of Options Trading
The history of options trading in the United States is replete with instances 
of intervention by the federal government (see [13] clip. 3). This discussion, 
therefore, deals more with episodes of regulatory intercession than with trading 
experience.
Commodity options have been known by many names including priveleges, in­
demnities, bids, offers, advance guarantees and decline guarantees. Commodity 
options first seen domestically somewhat over a hundred years ago when priv­
eleges, a form of commodity options, appeared on the floors of the nation’s 
grain exchanges. There were two types of priveleges-bids and offers, which 
correspond roughly to puts and calls respectively. The buyer of an offer had 
the privelege of buying grain futures from the privelege seller. Rather than 
negotiated premiums, a fixed commission was charged for a bid and an offer, 
the strike price of which was adjusted below and above current market prices. 
Priveleges could be obtained that expired by the end of the day, within a week, 
or within a month; thus they were referred to as “dailies,” “weeklies,” and 
“monthlies.”
Priveleges proved to be very popular during the volatile up and down move­
ments of the 1860s. They were met with considerable opposition, however, 
from far groups who petitioned their state governments to prohibit option and 
futures trading. These farmers felt that malevolent speculators were responsi­
ble for volatile grain prices and were guilty of price manipulation. Accordingly, 
priveleges were officially frowned upon by grain exchanges such as the Chicago 
Board of Trade, which adopted a rule in 1865 that denied the privelege traders 
the protection of the exchange, [11] p. 14;
Priveleges bought or sold to deliver or call for grain or other prop­
erty by members of the Association shall not be recognized as a
business transaction by the Directors or the Committee of Arbitra­
tion.
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This did not effectively discourage trading of priveleges, and the rule was sub­
sequently eliminated in 1869.
The Illinois legislature became involved in the option trading controversy in 
the 1870s. Lobbyists for farm groups and for traders and businessmen pushed 
hard to protect their respective interests and eventually some compromised 
reforms were passed. These reforms proved ineffective in curbing the trade 
of priveleges despite an 1885 ruling by the Illinois Supreme Court that found 
privileges to be illegal. The difficulty with enforcing a ban stemmed from the 
difficulty of making a fair distinction between options and futures from the fact 
that exchange members almost universally ignored the regulations.
The U.S. Congress became involved with the issue in the early 1890s when 
grain prices declined and farmers blamed the drop on the evils of speculation. 
Congress came very close to adopting a general ban on options, but nevertheless 
failed to act. In the 1920s, the issue reemerged, and in 1921, Congress passed 
the Futures Trading Act. This act imposed a prohibitive tax on earnings from 
privelege trading. In 1922, Congress passed the Grain Futures Act, which 
required exchanges and their members to maintain and file reports concerning 
privelege trading and also authorized the Secretary of Agriculture to conduct 
investigations of exchange operations. Failure to compile with the act could 
result in revocation of an exchange’s status as a futures market. The effect of 
the 1921 and 1922 acts was effectively to end all commodity option trading on 
exchanges. A subsequent 1926 decision by the Supreme Court , however found 
the tax imposed by the 1921 act unconstitutional. Option trading immediately 
reemerged on the grain markets.
The dates of July 19 and 20, 1933, are significant in the grain trade. On those 
days wheat prices collapsed dramatically and privelege trading was labeled the 
culprit. As a result of political pressure from the farm lobby. Congress passed 
the Commodity Exchange Act of 1936, which banned all commodity option 
trading in certain enumerated domestic commodities including wheat, cotton, 
rice, corn, oats, barley, rye, flaxseed, grain sorghums, mill feeds, butter, eggs 
and Irish potatoes, [11] p. 17. In 1938 the list was expanded to include wool 
tops, in 1940, fats, oils, cottonseed meal, cottonseed, peanuts, soybeans, and
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soybean meal, and in 1968, livestock, livestock products, and frozen orange 
juice, the result was that commodity options completely disappeared from the 
domestic commodity exchange.
In 1974, a new law created the Commodity Futures Trading Commission 
(CFTC) as an independent agency charged with the administration of the 
Commodity Exchange Act. The new law continued the prohibition of exchange- 
traded options for the commodities enumerated prior to 1974. In addition, the 
CFTC was empowered to extend the prohibition to any other commodities 
covered under the new act or to permit options on previously nonenumerated 
commodities to trade under whatever conditions it deemed appropriate.
In September 1981, the CFTC published final rules that would govern exchange- 
traded options on the commodities that were enumerated prior to 1974. In 
December 1981, eight domestic commodity futures exchanges submitted apli- 
cations to trade options exercisable in future contracts ranging from precious 
metals to imported agricultural commodities to financial instruments. Then 
came the wide spread of other options.
Chapter 3
Inside the Water Call Options
3.1 W hy A  Call Option on Water?
The history that is given above does not, by any ways, consist of an option on 
water. This is natural as water is considered as a public good. However in the 
concept of Middle East, Turkey is supposed to sell water to other countries. 
The means by which this process shall occur, i.e transportation, storage and 
the market mechanism is open for discussions. It is obvious that whcit we deal 
with in this thesis is the market mechanism. There can be many forms of 
markets in water. However selling water with call option is the best way for 
the reasons given below.
Water is one of the most (and probably the most) universally used commodities. 
In the concept of Middle East, there is one producer which is the Turkish 
Goverment while there are a number of consumers, i.e. Middle East countries. 
The market mechanism may take different forms; there may be an auctioneer, 
e.g. United States, water can be sold by normal procedures or as Prof. Haluk 
Akdoğan [I] suggests, can be sold by means of a class of call options. The first 
mechanism has the usual inefficiericies of a controlled market while the second 
is also inefficient because of not only the risks associated with water but also 
the problems arising from one producer and a few consumers.
CHAPTER 3. INSIDE THE WATER CALL OPTIONS 10
A ttractive Features Water call options expand the risk management strate­
gies available to the Turkish Government and the Middle East countries. This 
is a direct consequence of the most common properties of options. Like most 
options, they allow investors to protect principal value and establish ceiling 
prices. The Turkish Government can use options to lock in price or sell water 
in advance of production. This featui'e of the options divide the risk of wa­
ter supply movements between the two parties. Options can also be used to 
hedge prices when uncertainty surrounds the quantity to be produced. What is 
more, unlike other commodity options which have many producers and many 
consumers, call options on water cause the market mechanism to find true 
equilibrium prices.
Potential Risk Government actions and weather can quickly affect the ex­
pected supply and demand for water. Seasonality of prices should also be 
considered, in addition to events that affect transportation and storage. Stan­
dards of options contracts can also affect what is cheapest to deliver, causing 
a divergence between options and water prices.
3.2 Water Call Option Writing
It is supposed that the Turkish Government writes the water call options. 
Writing a call option produces an initial finance for the production process of 
the water. Also, as mentioned above it gives the government the chance of 
dividing some portion of the risks that are created by the nature of the water 
supply.
However, it may be the case that the Turkish Government can suffer from 
the behaviour of the speculators as happened in the examples that are given 
in section 2.3. This probability is partly offset because of the fact that, in 
our concept, the government of Turkish Republic is the only producer, hence 
leading to a monopolistic firm. Such a chance gives the producer to make 
interventions to the water call option market in order to discourage speculators 
that shall inevitably exist.
One other problem for the writer can be the type of the call option. If it is
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an American call, then the probability that the call option can be exercised 
any time until expiration produces problems associated with transportation 
and more importantly storage. Of course this problem can be offset by writing 
a European call instead. Then the delivery time for the water shall be fixed 
which simplifies the above mentioned problems.
It is also probable that naked call writing^ is permitted. However in this case 
there arc some points to remember for the trader wanting to sell naked calls,
[6] p. 6:
1. A major risk is that, shortly after we write a naked call, the water soars, 
pushing up the call’s premium. A sharp advance at this point would be 
most unfavourable because we have not had the advantage of amortiza­
tion of time premium, thus, the premium we pay to close out the position 
will 1)6 substantially higher than the premium we received-resulting in a 
large loss.
2. Anticipate in advance at what level the position should be liquidated if 
the water rises and perhaps place a stop order at that level.
3. Near term calls are preferable for naked writing, the shorter the time 
period, the less chance for big up moves in the water.
 ^Naked call writing is selling a call on a commodity that you do not own
Chapter 4
Water Call Option Pricing
4.1 Factors Influencing the Price of an Option
An option’s price is the result of properties of both the underlying commodity 
and terms of the option. The major quantifiable factors influencing the price 
of an option are the:
1. price of the underlying commodity (water),
2. striking price of the option itself,
3. time remaining until expiration of the option,
4. volatility of the underlying commodity (water),
5. the current risk-free rate.
The first four items are the major determinants of an option’s price, while the 
latter is generally less important.
Probably the most important influence on the option’s price is the water price, 
because if the water price is far above or far below the striking price, the other 
factors have little influence. Its dominance is obvious on the day that an option 
expires. On that day, only the water price and the striking price of the option 
determine the option’s value; the other three factors have no bearing at all. At 
this time, an option is worth only its intrinsic value.
12
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The striking price of the option has the same eifect on the price of an option. 
This is easily seen if we consider that the main effective determinant is the 
option’s intrinsic value in fact. When the option is either out-of-the-money or 
equal to the water price, the intrinsic value is zero. Once the water price passes 
the striking price, the intrinsic value becomes positive and increasing. Since a 
call is usually worth at least its intrinsic value at any time, the price of the call 
increases too. Hence the higher the striking price of a call, the lower its price.
If there is much time to the expiration date of the option, then there is much 
chance for the water price to increase, hence the call option price is high. The 
same argument also applies with a slight change to the volatility argument. If 
the water price is proven to be highly volatile, then it is probable that its price 
can increase by big amounts which means that the price of the call is high.
The risk-lree interest rate is generally construed as the current rate of 90-day 
Treasury bills, [12] p. 14. Higher interest rates imply slightly higher option 
premiums. Although members of the financial community disagree as to the 
extent that interest rates actually affect option price^ they remain a factor in 
most mathematical models used for pricing options.
4.2 Black-Scholes Option Pricing Model
4.2.1 The Standard Black-Scholes Formula
The Black-Scholes partial differential equation is basically for the stock options 
and obtained by specializing the assumptions:
1. The markets for the options and the underlying stocks are frictionless.
2. The risk-free rate is constant over the life of the option.
3. The underlying stock pays no dividends.
4. The underlying stock price at expiration is lognormally distributed with 
mean ¡J.T and standard deviation a\/T where T is the expiration date.
^For contradictory exteiitions, see [7] , [8] , [10],
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5. The standard deviation of the stock’s return is constant over the life of 
the option.
These assumptions lead to the following partial differential equation:
Id^C dC dC
- r C ( 1)
subject to the boundary conditions:
Ct =rnax(6V — K, 0),
0 < i <  r ,
0 <  St <  +00
In their important 1973 article [3] , Black-Scholes solved this differential equa­
tion giving:
C =  SN{h) -  Ke-^^N{h -  a ^ )  ( 2)
where
h =  l o g (S I K e -^ ^ ) la ^ +
N{h) =
T =  T - t .
In the formula the stock price S and current time t are state variables] the 
riskless rate r, volatility a, maturity T and exercise price K  are the fixed 
parameters of the model.
4.2.2 Black’s Valuation of Commodity Options
As is well-known, the Black-Scholes methodology depends upon the insight 
that if a riskless-hedge portfolio can be set up consisting of the option plus an 
appropriate position in the underlying asset, then the return to such a portfolio 
must be the riskless rate of interest. For water options, such a riskless-hedge 
portfolio will consist of a position in the commodity option and an opposite 
position in the underlying futures contract. Black [2] derives a variant of the
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standard Black-Scholes formula applicable to commodity options specializing 
this assumption. This can be written:
C =  e~^^SN{h) -  KN {h  -  (τ^/T) (3)
If we compare this valuation model with the standard Black-Scholes formula, 
we note that an interest rate factor has dropped out. This happens because 
it is assumed that the investment in a futures contract needed to create the 
riskless-hedge portfolio is zero because of the process of daily settlement of 
losses and gains to the futures contract.
The Black model only applies strictly to European calls, where premature 
exercise is not possible. Using this model to value American calls will give 
“fair” option premiums that are biased low, [8] p. 225.
However, the worst part of the Black model for our analysis is that it assumes 
the existence of options on future contracts on water. Hence it is not totally 
applicable to our concept.
4.2.3 An Alternative Formula for Water Call Option
In their article [3], Black-Scholes took the expected price of the underlying 
stock to be the actual stock price at the day the calculation is made. This is 
basically a true assumption for anybody who uses the formula simply knows 
the stock price at that day.
Compare this to a physical commodity. When an investor purchases a ¡physical 
commodity, he generally must pay in cash. This is exactly the situation in the 
water call option. Then there is an investment in water for which a positive 
return is expected. At a minimum, an investor generally expects this return 
to equal the opportunity cost associated with the funds invested, which is 
represented by holding costs. Moreover, there is also a physical holding cost. 
Then the expected price of water shall consist of the holding cost x as well:
exp{P) =  P(1 -f x' )^ (4)
where P  is the water price.
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This equation assumes simple holding cost; converting into a continous com­
pounding model we have:
=  Pe^^ (5)
Writing the righthand side of above equation instead of S in the standard 
Black-Scholes formula, we have, for water call options:
C  -  Pe^^N(h) -  Ke~^^N{h -  a ^ ) (6)
where
This latter equation takes into account the specifications of water options. 
Note that it is similar but not same to the commodity call option pricing of 
Labuszewski-Sinquefield [11] p. 117. There, also a short term interest rate is 
incorporated to the opportunity cost.
4.3 The Binomial Option Pricing Model
The assumptions of the model are as follows:
1. The markets for options and stocks are frictionless.
2. The risk-free rate is constant over the life of the option.
3. The underlying stock pays no dividends over the life of the option.
4. All investors agree that stock prices follow a multiplicative binomial pro­
cess of the form given below.
For all times t:
St+i =
Ste^ with probability q 
St^y with probability I — q
(7)
where u,v,q  are constants which satisfy
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u > rr 11 >  u,
1 > ? > 0.
where I is the number of periods.
The above assumptions do not contain anything contradictory to water call 
option pricing; hence there is no need for an alternative Binomial formula for 
the water calls.
Assumption 4 indicates that there are two possible values for the water price 
at time t:
1. The water price increases to ¿V ’* with probability q.
2. The water price falls to ¿'¿e“ with probability 1 —
Since this water process is constant over time, the water price at time 1 +  2 can 
be written as:
St+2 — *·
Ste^ '^  with probability 
-SiC“···" with probability 2q{l — q) 
Ste^^  with probability (1 — qY
(8)
Continuing this process till the expiration date  ^ and making the mathematical 
work, we have the Binomial formula;
/
C t  =  I] I " I - ^ ) ^' ' max( 0 , - K )  i-o V i /
where <5 =  — e ")/(e “ — e").
(9)
Hence the Binomial model implies that the Ccill option will never be exercised early. It 
can therefore be valued as a European call.
Chapter 5
Estimated Water Call Option Prices
5.1 How the Estimation is Made
During the estimation process, the water prices of ASKI (Ankara Su ve Kanal­
izasyon İsleri /  Ankara Water and Canalization Affairs) is used. There were 
two sources of data which are given in Appendix at p. 29, 32, 35, 38, 41, 44, 
47 ;
1. The water prices that apply on the commercial consumers during 1987- 
1994. This data is taken from “1987=100 Basic yeared Wholesale Prices 
Index” .
2. The water prices that apply on the households during 1985-1994. This 
data is taken from “1987=100 Basic yeared Consumer Prices Index” .
For both data, the estimations are made seperate because of the huge discrep­
ancies between the prices for the commercial consumers and the households. 
Moreover, for each data, the estimation is made using both the Black-Scholes 
Option Pricing Model and the Binomial Option Pricing Model.
Bor the commercial consumers, the estimation is made for two-year periods. 
The reason for this is the fact that, normally, the prices did not seem much 
volatile during a year (in fact, for a number of years it actually happened to be 
zero). Instead, it took a jump at the beginning of each year. This means that if
18
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the estimation period is chosen to be one year, a discrete model with backward 
reference has to be used which is not present in any software written on Option 
Pricing. So making the estimation for two-year periods seemed more efficient 
in order for the results to be more convenient.
Initially, the price of water is chosen to be the price at the end of each two- 
year period. This leads us to four different water prices for the commercial 
consumers as can be seen in Appendix at p. 30, 33, 36, 39. Then, another 
estimation is made for each month. Hence the water price at each month is 
used seperately. This gave the opportunity to derive a series of estimated water 
call option prices for each month as can be seen in Appendix at p. 71, 72, 73, 
74, 75. In this latter estimation, the data (volatility,rate) used for each month 
is the data of the two-year period that it belongs. The reason for not deriving 
different data for each month is that the purpose of the series is to compare 
the call prices for each month between themselves.
As usually made in other estimations of this kind and in actual as well, the 
exercise prices are rounded numbers around the water price. In all the estima­
tions, four different exercise prices are used beginning with the water price and 
increasing by a specific amount. This specific amount is chosen to be 3-5% of 
the water i r^ice in question. The exercise prices are not chosen to be below the 
water price because Turkey is a high-inflation country; thus it is nearly certain 
that the price of water shall increase till the expiration date.
The riskless-rate of interest is found by taking the average of the “Average 
Annual Rate of Interest on 1 Year Treasury Bills Sold by Auction” throughout 
the two years in question seperately, taken from [4] p. 33. In the Binomial 
case, the software that is used, needed riskless-rate of interest for each period. 
The periods that are used in all the estimations of the Binomial model are the 
working days due to the assumption tha,t the water call option market shall 
function every working day; thus the rate for the Binomial case is found by 
dividing the rate for the Black-Scholes model by 250 which is assumed to be 
the number of working days in a year.
The above mentioned non-volatility of the water prices within a year is why 
two different volatilities are used during the estimation process, the first being 
the average of the volatilities of the two seperate years and the second being 
the volatility of the two years in question divided by two. It is obvious that this
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latter volatility takes the jump of the price at the beginning of each year into 
consideration. In the Binomial case, we needed upper and down movements in 
each period instead of volatility. These movements are taken to be half of the 
volatilities respectively in order to make these estimations meaningful.
As the estimation is made for the call writer, the days remaining before expi­
ration are actually the life of the option. Three different options are estimated 
being monthly, two-monthly and three-monthly water call options which corre­
spond to 30, 60, 90 days for the Black-Scholes model and 20, 40, 60 days for the 
Binomial model. However, while making the estimations for each month, only 
two-monthly water call options ai'e considered because, as mentioned above, 
the aim in that estimation is to derive a series.
For the households, the estimations are made for three-3^ear periods, the third 
estimation consisting a more three months of 1994. The reason for such an act 
is the fact that the data for the water prices for the households proved to be 
more non-volatile than the data for the commercial consumers.
As in the commercial consumers, the estimations are made, first, by using the 
water prices at the end of each third-year period as can be seen in Appendix at 
p. 42, 45, 48 and then creating a series for each iTionth using the water prices 
monthly as can be seen in Appendix at p. 77, 78, 79, 80, 81. Moreover, the 
exercise prices, the volatilities, the days till expiration and the riskless-rates 
of interest that are used are the three-year versions of the above mentioned 
reciprocals.
The next step for the estimations was made by using the dollar reciprocals of 
the water call option prices as can be seen in Appendix at p. 50, 53, 56, 59, 
62, 65, 68. The conversion of the data to its dollar value is made by using the 
average exchange rates during the year in question, taken from [4] p. 44. It 
can be thought to use the exchange rate in each month but this leads us to a 
continously decreasing water prices which is not meaningful.
All the data that is used in the estimations are created by the sanxe methods 
of the estimations with TL except the riskless-rate of interest which is taken 
to be the “Average Annual Rate of Interest on 1 Year Treasury Bills Sold by 
Auction in the United States” . Such a usage is the direct consequence of the 
fact that the riskless interest rate on a currency has to be found by the actions
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of the Central Bank that issues it.
The results for the dollar case can be seen in Appendix at p. 51, 54, 57, 60, 
63, 66, 69, 83, 84, 85, 86, 87, 89, 90, 91, 92, 93.
Finally we wanted to derive a graph of the prices of the water call options for 
each month having the same exercise price. Such a graph ought to give a good 
insight to the time variance of call prices. However, as the water prices had 
increased dramatically throughout the years in question and hence no common 
exercise prices can be found, such a graph based on the estimations using 
TL turned out to be meaningless. The same argument applied to the dollar 
reciprocal of the data for the households.
It was fortunate to find out that such a graph for the dollar reciprocal of the 
data for the commercial consumers is meaningful as can be seen in Appendix 
at p. 95, 96, 97. There, three common exercise prices are used to derive the 
three graphs respectively. The estimations are made using the relevant data 
taken from the above mentioned estimations for eiich month.
5.2 Comments on the Results of the Estimations
The estimations show that the call prices for the Binomial model cire higher 
than that for the Black-Scholes model. As the days remaining to the expiration 
date increase the discrepancy between the call prices (as a percentage) for the 
two models approaches to zero. This is an expected result because the theory of 
the Binomial model implies that as the periods increase, the model approaches 
to the model of Black-Scholes.
However in the case of dollar reciprocals, the effect is inverse, i.e. as the days 
remaining increase, the discrepancy also increases. This is due to the very 
small call prices in terms of dollars.
In the Black-Scholes model, while the dollar reciprocals of the data are used, 
it is possible to observe many zeros. On the other hand the relevant call prices 
for the Binomial model do not mostly happen to be zero. Especially if the 
volatility or/and the riskless-rate of interest is high, the call price becomes 
a more positive number. This is due to the fact that the Binomial model
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prices the call options using the probable values of them. Hence, as far as 
the probability for the water price to be higher than the exercise price at the 
expiration date remains positive, the call price happens to be bigger than zero.
5.2.1 Water Price
The estimations showed that each water price created its own series of the call 
prices with a level that corresponds to a percentage of itself. This percentage 
seems near numbers for different sets of water prices.
The effect of the water price can be seen best in the series estimation for each 
month using dollar values of the data, because the water prices are near to 
each other (or at least do not ha,ve too much jumps) in that estimation. There, 
it is observed that a change in the water price corresponds to a similar change 
in the call price.
5.2.2 Exercise Price
It was natural to observe that increasing exercise prices corresponds to decreas­
ing call prices as both models imply.
Moreover, an increase in the exercise price widens the discrepancy between the 
call price for the Binomial model and that for the Black-Scholes model. This is 
again due to the pricing theory of the Binomial model. While the Black-Scholes 
model uses the exercise price in a direct manner in its formula, the Binomial 
model deals with the probability that the water price exceeds the exercise price 
at the expiration date. Hence the effect of the exercise price is bigger in the 
Black-Scholes model meaning a bigger decrease in the call price corresponding 
to a higher discrepancy between the two models.
The effect of a change in exercise price on the call prices can be seen best in 
the graphs in Appendix at p. 95, 96, 97.
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5.2.3 Riskless-Rate of Interest
This determinant of the call price is less dominant than the other determinants 
as mentioned in section 4.1. However, a higher rate still means a higher call 
price especially in the Black-Scholes model. On the other hand, as the rate for 
each period is infinitely small (ranging between 0.1% and 0.4%), the Binomial 
model cannot respond importantly to changing rates.
5.2.4 Volatility
As the volatility of the water price increases, the call price for the Binomial 
model changes by considerable amounts. Even when the change in the volatility 
is very small, a change in the call price can be observed. This is an expected 
result because of the above mentioned pricing theory of the Binomial model. 
As the volatility, hence the upper movement, increases, the probability for the 
water price to exceed the exercise price at the end of the life of the option 
also increases, taking the call price upper. However, on the other hand, in the 
Black-Scholes model, changing volatility does not aifect the call price or affects 
just slightly.
When the volatility is lower, the discrepancy between the Binomial model 
and the Black-Scholes model decreases and approaches to zero. Moreover at 
volatilities around or below lof interest is low enough) it may be observed that 
the call prices for the Black-Scholes model exceeds the ones for the Binomial 
model. This is due to the decreasing probability that the water price can exceed 
the exercise price at the expiration date because the water price cannot take 
big upper jumps is the volatility is low.
5.2.5 Days Until Expiration
As expected, the call prices incline as the days remaining until the expiration 
date increases. The amount of increase follows a direct path when the call 
prices are high, i.e. when TL is used and a percentage path when the prices 
are low, i.e. when the dollar reciprocals are used. This is why the effect of the
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change of the days until expiration on the discrepancy between the Binomial 
model and the Black-Scholes model is different in both currencies.
Chapter 6
Conclusion and Future Work
So far, after an introduction to call options and then to the water call op­
tions, the basic principles for the Black-Scholes Option Pricing model and the 
Binomial Option Pricing model are given. Two different alternatives for the 
standard Black-Scholes model are given while no difference for the Binomial 
model is needed. The recommended alternatives shall probably reflect more 
efflcient estimations but as no software existed with those formulas, the esti­
mations are made using a software of the standard formulas of the two models.
After all, the estimations given in Appendix fulfills the main aim of this Mas­
ter’s thesis. All the different data that are initially given and the determinants 
that are created with reference to some past experiences made it possible for 
us to reach to the estimated water call option prices in different situations.
The first four tables gave an idea on the call prices if the government choses to 
write options on water using TL and taking the option buyers as if commercial 
consumers. Similarly tables eight through eleven gives the call prices if dollar 
is used as the benhcmark. Tables five through seven are created for the chance 
that the government can try to write options using the household water prices 
and tables twelve through fourteen are the dollar reciprocals of these.
It is obvious from these tables that writing call options using the water prices 
that are applied to commercial consumers are more beneficial to the government 
as expected. However, the comparison of call options using TL and that using 
dollars remain unexplored. The choice between these two chances may be
25
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the subject of another investigation which shall inevitably deal with complex 
projections of the exchange rate between the two currencies.
Tables fifteen through eighteen are a good source for the time series of the 
behaviour of call prices. They can also be used in order to make projections 
on the water call option pi'ices in the future.
The final three graphs make a visual prospection of the time variance of the 
prices of the water call options having the same exercise price. They do not 
give much new information but the way they are laid out makes it possible to 
compare the time behaviour of call prices under the light of given data.
It is, of course, possible to widen the estimations using more derivatives of the 
data or making the range of the determinants bigger. However the estimations 
made in this thesis are enough for an insight to the subject. If the government 
really decides to use the water call options, then a wider estimation process is 
i nevitably recommended.
The water prices that are used as the data in these estimations proved to be 
discrete data rather than continous. This provided some problems, especially in 
the concept of volatility. In fact this discreteness somehow loses the efficiency 
of the estimation given above but using discrete formulas for both models 
seems impossible as no such software exists and hand calculation creates a 
huge amount of hand work.
As mentioned earlier, the estimations are made using a software that is basi­
cally designed to give the option prices using the standard forms of the Black- 
Scholes formula and the Binomial formula. Although the Binomial model does 
not have to be changed, a revision for the Black-Scholes formula as given in 
section 4.2.3 can give more efficient results. Such a new formula needs its own 
software which is beyond the scope of ecouomicians. However a combined work 
of computer engineering together with the economics science can give a bet­
ter result. Moreover, such a new software can also consist of simultaneously 
changing determinants creating a series for each determinant. Then of course 
this software shall be specific to our concept and can be used in the future in 
different circumstances as a widely accepted tool.
Chapter 7
A P P E N D IX
ESTIMATION RESULTS
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ESTIMATED WATER CALL OPTION PRICES FOR
1987-1988
Commercial Consumers
A. Water Price
The water price (2993), at the end of 1988 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 100. This amount of increase is a rounded number 
of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1987-1988. In the 
binomial case, as riskless rate per period is used and as a period is chosen to 
be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Bhick-Scholes 
Option Pricing Model is found to be %59, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.2.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1987 and 1988 are found seperately and then 
the average of these is accepted to be the volatility. For 1987 and 1988, the 
standard deviations are found to be 0.0835 and 0.0055 respectivelj'^, implying 
a volatility of 0.045.
b. Standard deviation for the period 1987-1988 is found to be 0.1818. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.091. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper cuid down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
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Year 1987 Year 1988
January 1620 3036
February 1620 3036
March 2063 3036
April 2063 3036
May 2063 3036
June 2063 3036
July 2063 3036
August 2063 3036
September 2063 3036
October 2063 3036
November 2063 2993
December 2063 2993
Table la.
Water Prices for 1987-1988
(All in TL)
CHAPTER 7. APPENDIX 30
Water Exercise r Volatility Days Black-Scholes Binomial
2993 3000 0.590 0.045 30 135 178
2993 3000 0.590 0.045 60 270 295
2993 3000 0.590 0.045 90 399 401
2993 3000 0.590 0.091 30 136 296
2993 3000 0.590 0.091 60 270 451
2993 3000 0.590 0.091 90 399 579
2993 3100 0.590 0.045 30 42 123
2993 3100 0.590 0.045 60 179 234
2993 3100 0.590 0.045 90 312 339
2993 3100 0.590 0.091 30 54 248
2993 3100 0.590 0.091 60 181 r  400
2993 3100 0.590 0.091 90 313 529
2993 3200 0.590 0.045 30 1 83
2993 3200 0.590 0.045 60 89 184
2993 3200 0.590 0.045 90 226 284
2993 3200 0.590 0.091 30 11 201
2993 3200 0.590 0.091 60 101 356
2993 3200 0.590 0.091 90 228 486
2993 3300 0.590 0.045 30 0 52
2993 3300 0.590 0.045 60 20 142
2993 3300 0.590 0.045 90 140 235
2993 3300 0.590 0.091 30 0 169
2993 3300 0.590 0.091 60 43 317
2993 3300 0.590 0.091 90 149 443
Table lb .
Estimated water call option prices for 1987-1988
(All in TL)
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ESTIMATED WATER CALL OPTION PRICES FOR
1989-1990
Commercial Consumers
A. Water Price
The water price (6653), at the end of 1990 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 200. This amount of increase is a rounded number 
of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1989-1990. In the 
binomial case, as riskless rate per period is used and as a period is chosen to 
be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %54.8, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.2.
D. Volatility
Throughout the estimation, two different volatilities are used;
a. Standard deviations for 1989 and 1990 are found seperately and then 
the average of these is accepted to be the volatility. For 1989 and 1990, the 
standard deviations are found to be 0.0454 and 0.1111 respectivel}' ,^ implying 
a volatility of 0.078.
b. Standard deviation for the period 1989-1990 is found to be 0.2075. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.104. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
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Year 1989 Year 1990
January 3638 3990
February 3638 6540
March 3638 6540
April 3638 6540
May 3638 6540
June 3990 6540
July 3990 6540
August 3990 6540
September 3990 6540
October 3990 6570
November 3990 6570
December 3990 6653
Table 2a.
Water Prices for 1989-1990
(All in TL)
CHAPTER 7. APPENDIX 33
Water Exercise r Volatility Days Black-Scholes Binomial
6653 6600 0.548 0.078 30 344 622
6653 6600 0.548 0.078 60 621 946
6653 6600 0.548 0.078 90 887 1218
6653 6600 0.548 0.104 30 346 771
6653 6600 0.548 0.104 60 622 1146
6653 6600 0.548 0.104 90 887 1448
6653 6800 0.548 0.078 30 163 525
6653 6800 0.548 0.078 60 439 841
6653 6800 0.548 0.078 90 712 1110
6653 6800 0.548 0.104 30 177 678
6653 6800 0.548 0.104 60 444 r  1047
6653 6800 0.548 0.104 90 714 1348
6653 7000 0.548 0.078 30 42 428
6653 7000 0.548 0.078 60 266 739
6653 7000 0.548 0.078 90 539 1014
6653 7000 0.548 0.104 30 61 586
6653 7000 0.548 0.104 60 282 949
6653 7000 0.548 0.104 90 544 1264
6653 7200 0.548 0.078 30 4 350
6653 7200 0.548 0.078 60 125 658
6653 7200 0.548 0.078 90 371 924
6653 7200 0.548 0.104 30 12 496
6653 7200 0.548 0.104 60 151 873
6653 7200 0.548 0.104 90 386 1182
Table 2b.
Estimated water call option prices for 1989-1990
(All in TL)
CHAPTER 7. APPENDIX 34
ESTIMATED WATER CALL OPTION PRICES FOR
1991-1992
Commercial Consumers
A. Water Price
The water price (17360), at the end of 1992 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 500. This amount of increase is a rounded number 
of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1991-1992. In the 
binomial case, as riskless rate per period is used and as a period is chosen to 
be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %75.4, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.3.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1991 and 1992 are found seperately and then 
the average of these is accepted to be the volatility. For 1991 and 1992, the 
standard deviations are found to be 0.1010 and 0.0 respectively, implying a 
volatility of 0.051.
b. Standard deviation for the period 1991-1992 is found to be 0.2631. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.132. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
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Year 1991 Year 1992
January 6720 17360
February 6720 17360
March 7616 17360
April 8960 17360
May 8960 17360
June 8960 17360
July 8960 17360
August 8960 17360
September 8960 17360
October 8960 17360
November 8960 17360
December 8960 17360
Table 3a.
Water Prices for 1991-1992
(All in TL)
CHAPTER 7. APPENDIX 36
Water Exercise r Volatility Days Black-Scholes Binomial
17360 17500 0.754 0.051 30 911 1275
17360 17500 0.754 0.051 60 1900 2203
17360 17500 0.754 0.051 90 2829 3055
17360 17500 0.754 0.132 30 933 2475
17360 17500 0.754 0.132 60 1904 3739
17360 17500 0.754 0.132 90 2830 4761
17360 18000 0.754 0.051 30 445 980
17360 18000 0.754 0.051 60 1458 1879
17360 18000 0.754 0.051 90 2413 2730
17360 18000 0.754 0.132 30 537 2242
17360 18000 0.754 0.132 60 1477 3494
17360 18000 0.754 0.132 90 2417 4558
17360 18500 0.754 0.051 30 87 745
17360 18500 0.754 0.051 60 1016 1604
17360 18500 0.754 0.051 90 1998 2434
17360 18500 0.754 0.132 30 248 2010
17360 18500 0.754 0.132 60 1075 3287
17360 18500 0.754 0.132 90 2011 4355
17360 19000 0.754 0.051 30 2 533
17360 19000 0.754 0.051 60 582 1337
17360 19000 0.754 0.051 90 1583 2152
17360 19000 0.754 0.132 30 87 1783
17360 19000 0.754 0.132 60 721 3098
17360 19000 0.754 0.132 90 1618 4151
Table 3b.
Estimated water call option prices for 1991-1992
(All in TL)
CHAPTER 7. APPENDIX 37
ESTIMATED WATER CALL OPTION PRICES FOR
1993-1994
Commercial Consumers
A. Water Price
The water price (52785), at the end of 1994 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 1000. This amount of increase is a rounded number 
of %2 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1993-1994. In the 
binomial case, as riskless rate per period is used and as a period is chosen to 
be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %92, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.4.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1993 and 1994 are found seperately and then 
the average of these is accepted to be the volatility. For 1993 and 1994, the 
standard deviations are found to be 0.0102 and 0.0 respectively, implying a 
volatility of 0.005.
b. Standard deviation for the period 1993-1994 is found to be 0.1759. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.088. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 38
Year 1993 Year 1994
January 30240 52785
February 30240 52785
March 30240 52785
April 30240
May 30240
June 30240
July 30240
August 30240
September 30240
October 30240
November 30240
December 30240
Table 4a.
Water Prices for 1993-1994
(All in TL)
CHAPTER 7. APPENDIX 39
Water Exercise r Volatility Days Black-Scholes Binomial
52785 53000 0.920 0.005 30 3644 3852
52785 53000 0.920 0.005 60 7223 7607
52785 53000 0.920 0.005 90 10541 11073
52785 53000 0.920 0.088 30 3645 6219
52785 53000 0.920 0.088 60 7223 10057
52785 53000 0.920 0.088 90 10541 13373
52785 54000 0.920 0.005 30 2717 2928
52785 54000 0.920 0.005 60 6364 6754
52785 54000 0.920 0.005 90 9744 10286
52785 54000 0.920 0.088 30 2726 5688
52785 54000 0.920 0.088 60 6364 9491
52785 54000 0.920 0.088 90 9744 r  12807
52785 55000 0.920 0.005 30 1790 2007
52785 55000 0.920 0.005 60 5504 5902
52785 55000 0.920 0.005 90 8947 9499
52785 55000 0.920 0.088 30 1842 5157
52785 55000 0.920 0.088 60 5504 8926
52785 55000 0.920 0.088 90 8947 12286
52785 56000 0.920 0.005 30 863 1110
52785 56000 0.920 0.005 60 4644 5049
52785 56000 0.920 0.005 90 8150 8712
52785 56000 0.920 0.088 30 1067 4626
52785 56000 0.920 0.088 60 4647 8417
52785 56000 0.920 0.088 90 8150 11793
Table 4b.
Estimated water call option prices for 1993-1994
(All in TL)
CHAPTER 7. APPENDIX 40
ESTIMATED WATER CALL OPTION PRICES FOR
1985-1986-1987
Households
A. Water Price
The water price (156), at the end of 1987 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 5. This amount of increase is a rounded number of 
%3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1985-1986-1987. In 
the binomial case, as riskless rate per period is used cind as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %49, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.2.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1985,1986 and 1987 are found seperately and then 
the average of these is accepted to be the volatility. For 1985,1986 and 1987, 
the standard deviations are found to be 0.0, 0.0 and 0.0 respectively, implying 
a volatility of 0.0.
b. Standard deviation for the period 1985-1987 is found to be 0.0061. Then, 
this three year volatility is divided by three in order to find annual volatility 
which stood up to be 0.002. This latter computation was made in order to 
take the jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper aiad down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 41
Year 1985 Year 1986 Year 1987
January 154 154 156
February 154 154 156
March 154 154 156
April 154 154 156
May 154 154 156
June 154 154 156
July 154 154 156
August 154 154 156
September 154 154 156
October 154 154 156
November 154 154 156
December 154 154 156
Table 5a.
Water Prices for 1985-1986-1987
(All in TL)
CHAPTER 7. APPENDIX 42
Water Exercise r Volatility Days Black-Scholes Binomial
156 160 0.490 0.0 30 2 2
156 160 0.490 0.0 60 8 8
156 160 0.490 0.0 90 14 14
156 160 0.490 0.002 30 2 2
156 160 0.490 0.002 60 8 8
156 160 0.490 0.002 90 14 14
156 165 0.490 0.0 30 0 0
156 165 0.490 0.0 60 3 3
156 165 0.490 0.0 90 9 9
156 165 0.490 0.002 30 0 0
156 165 0.490 0.002 60 3 3
156 165 0.490 0.002 90 9 9
156 170 0.490 0.0 30 0 0
156 170 0.490 0.0 60 0 0
156 170 0.490 0.0 90 5 5
156 170 0.490 0.002 30 0 0
156 170 0.490 0.002 60 0 0
156 170 0.490 0.002 90 5 5
156 175 0.490 0.0 30 0 0
156 175 0.490 0.0 60 0 0
156 175 0.490 0.0 90 0 0
156 175 0.490 0.002 30 0 0
156 175 0.490 0.002 60 0 0
156 175 0.490 0.002 90 0 0
Table 5b.
Estimated water call option prices for 1985-1986-1987
(All in TL)
CHAPTER 7. APPENDIX 43
ESTIMATED WATER CALL OPTION PRICES FOR
1988-1989-1990
Households
A. Water Price
The water price (974), at the end of 1990 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 25. This amount of increase is a rounded number of 
%3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1987-1988-1990. In 
the binomial case, as riskless rate per period is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %59.1, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.2.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1988,1989 and 1990 are found seperately and then 
the average of these is accepted to be the volatility. For 1988,1989 and 1990, 
the standard deviations are found to be 0.0072, 0.1911 and 0.1138 respectively, 
implying a volatility of 0.104.
b. Standard deviation for the period 1988-1990 is found to be 0.3039. Then, 
this three year volatility is divided by three in order to find annual volatility 
which stood up to be 0.101. This latter computation was made in order to 
take the jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 44
Year 1988 Year 1989 Year 1990
January 272 371 590
February 272 371 974
March 272 371 974
April 272 371 974
May 272 371 974
June 272 590 974
July 272 590 974
August 272 590 974
September 272 590 974
October 272 590 974
November 267 590 974
December 267 590 974
Table 6a.
Water Prices for 1988-1989-1990
(All in TL)
CHAPTER 7. APPENDIX 45
Water Exercise r Volatility Days Black-Sclioles Binomial
974 975 0.591 0.104 30 45 108
974 975 0.591 0.104 60 89 163
974 975 0.591 0.104 90 131 207
974 975 0.591 0.101 30 45 108
974 975 0.591 0.101 60 89 163
974 975 0.591 0.101 90 131 207
974 1000 0.591 0.104 30 25 97
974 1000 0.591 0.104 60 67 151
974 1000 0.591 0.104 90 109 195
974 1000 0.591 0.101 30 25 97
974 1000 0.591 0.101 60 67 151
974 1000 0.591 0.101 90 109 ^ 195
974 1025 0.591 0.104 30 10 85
974 1025 0.591 0.104 60 46 138
974 1025 0.591 0.104 90 88 185
974 1025 0.591 0.101 30 10 85
974 1025 0.591 0.101 60 46 138
974 1025 0.591 0.101 90 88 185
974 1050 0.591 0.104 30 3 74
974 1050 0.591 0.104 60 29 129
974 1050 0.591 0.104 90 68 174
974 1050 0.591 0.101 30 3 74
974 1050 0.591 0.101 60 29 129
974 1050 0.591 0.101 90 68 174
Table 6b.
Estimated water call, option prices for 1988-1989-1990
(All in TL)
CHAPTER 7. APPENDIX 46
ESTIMATED WATER CALL OPTION PRICES FOR
1991-1992-1993-1994
Households
A. Watei' Price
The water price (12420), at the end of 1994 is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of 500. This amount of increase is a rounded number 
of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction” throughout 1991-1992-1993-1994. 
In the binomial case, as riskless rate per period is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %83, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.3.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1991,1992,1993 and 1994 are found seperately and 
then the average of these is accepted to be the volatility. For 1991,1992,1993 
and 1994, the standard deviations are found to be 0.1554, 0.0,0.0 and 0.0 re­
spectively, implying a volatility of 0.039.
b. Standard deviation for the period 1991-1994 is found to be 0.2320. Then, 
this four year volatility is divided by four in order to find annual volatilitj'  ^
which stood up to be 0.058. This latter computation was made in order to 
take the jump of the price at the beginning of each }'^ ear into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 47
Year 1991 Year 1992 Year 1993 Year 1994
January 1344 4480 7560 12420
February 2016 4480 7560 12420
March 2016 4480 7560 12420
April 2016 4480 7560
May 2016 4480 7560
June 2016 4480 7560
July 2016 4480 7560
August 2016 4480 7560
September 2016 4480 7560
October 2016 4480 7560
November 2016 4480 7560
December 2016 4480 7560
Table 7a.
Water Prices for 199T1992-1993T994
(All in TL)
CHAPTER 7. APPENDIX 48
Water Exercise r Volatility Days Black-Scholes Binomial
12420 12500 0.830 0.039 30 744 812
12420 12500 0.830 0.039 60 1514 1461
12420 12500 0.830 0.039 90 2233 2073
12420 12500 0.830 0.058 30 744 1003
12420 12500 0.830 0.058 60 1514 1684
12420 12500 0.830 0.058 90 2233 2298
12420 13000 0.830 0.039 30 278 510
12420 13000 0.830 0.039 60 1078 1121
12420 13000 0.830 0.039 90 1846 1724
12420 13000 0.830 0.058 30 278 721
12420 13000 0.830 0.058 60 1078 1383
12420 13000 0.830 0.058 90 1846 1997
12420 13500 0.830 0.039 30 5 290
12420 13500 0.830 0.039 60 641 830
12420 13500 0.830 0.039 90 1418 1405
12420 13500 0.830 0.058 30 20 515
12420 13500 0.830 0.058 60 643 1129
12420 13500 0.830 0.058 90 1418 1720
12420 14000 0.830 0.039 30 0 147
12420 14000 0.830 0.039 60 220 590
12420 14000 0.830 0.039 90~^ 1011 1122
12420 14000 0.830 0.058 30 0 343
12420 14000 0.830 0.058 60 246 906
12420 14000 0.830 0.058 90 1011 1476
Table 7b.
Estimated water call option prices for 1991-1992-1993-1994
(All in TL)
CHAPTER 7. APPENDIX 49
ESTIMATED WATER CALL OPTION PRICES FOR
1987-1988 ($)
Commercial Consumers
A. Water Price
The water price (2.11), at the end of 1988 is used.
B. Exercise Price
Four different exercise prices are used, beginning below the water price and 
increasing by an amount of 0.10. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1987-1988. In 
the binomial case, as riskless rate per period is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 2o0 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %6.3, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.1.
I). Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1987 and 1988 are found seperately and then 
the average of these is accepted to be the volatility. For 1987 and 1988, the 
standard deviations are found to be 0.0835 and 0.0055 respectively, implying 
a volatility of 0.045.
b. Standard deviation for the period 1987-1988 is found to be 0.0811. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.041. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 50
Year 1987 Year 1988
January 1.89 2.14
February 1.89 2.14
March 2.41 2.14
April 2.41 2.14
May 2.41 2.14
June 2.41 2.14
July 2.41 2.14
August 2.41 2.14
September 2.41 2.14
October 2.41 2.14
November 2.41 2.11
December 2.41 2.11
Table 8a.
Water Prices for 1987-1988
(All in $)
CHAPTER 7. APPENDIX 51
Water Exercise r Volatility Days Black-Sclioles Binomial
2.11 2.00 0.063 0.045 30 0.120 0.175
2.11 2.00 0.063 0.045 60 0.130 0.229
2.11 2.00 0.063 0.045 90 0.140 0.277
2.11 2.00 0.063 0.041 30 0.120 0.170
2.11 2.00 0.063 0.041 60 0.130 0.222
2.11 2.00 0.063 0.041 90 0.140 0.267
2.11 2.10 0.063 0.045 30 0.024 0.109
2.11 2.10 0.063 0.045 60 0.036 0.166
2.11 2.10 0.063 0.045 90 0.047 0.214
2.11 2.10 0.063 0.041 30 0.023 0.102
2.11 2.10 0.063 0.041 60 0.035 0.156
2.11 2.10 0.063 0.041 90 0.045 0.203
2.11 2.20 0.063 0.045 30 0 0.061
2.11 2.20 0.063 0.045 60 0 0.115
2.11 2.20 0.063 0.045 90 0.002 0.162
2.11 2.20 0.063 0.041 30 0 0.054
2.11 2.20 0.063 0.041 60 0 0.104
2.11 2.20 0.063 0.041 90 0.002 0.149
2.11 2.30 0.063 0.045 30 0 0.031
2.11 2.30 0.063 0.045 60 0 0.076
2.11 2.30 0.063 0.045 90 0 0.118
2.11 2.30 0.063 0.041 30 0 0.025
2.11 2.30 0.063 0.041 60 0 0.066
2.11 2.30 0.063 0.041 90 0 0.106
Table 8b.
Estimated water call option prices for 1987-1988
(All in $)
CHAPTER 7. APPENDIX 52
ESTIMATED WATER CALL OPTION PRICES FOR
1989-1990 ($)
Commercial Consumers
A. Water Price
The water price (2.55), at the end of 1990 is used.
B. Exercise Price
Four difl’ererit exercise prices are used, beginning below the water price and 
increasiirg l)y an amount of 0.10. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1989-1990. In 
the binomial case, as riskless rate per ¡jeriod is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %7.8, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.1.
D. Volatility
Throughout the estimation, two different volatilities are used:
cl. Standard deviations for 1989 and 1990 are found seperately and then 
the average of these is accepted to be the volatilitjc For 1989 and 1990, the 
standard deviations are found to be 0.0454 and 0.1111 respectively, implying 
a volatility of 0.078.
b. Standard deviation for the period 1989-1990 is found to be 0.1479. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.074. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Schoies Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 53
Year 1989 Year 1990
January 1.72 1.53
February 1.72 2.51
March 1.72 2.51
April 1.72 2.51
May 1.72 2.51
June 1.88 2.51
July 1.88 2.51
August 1.88 2.51
September 1.88 2.51
October 1.88 2.52
November 1.88 2.52
December 1.88 2.55
Table 9a.
Water Prices for 1989-1990
(All in $)
CHAPTER 7. APPENDIX 54
Water Exercise r Volatility Days Black-Scholes Binomial
2.55 2.40 0.078 0.078 30 0.165 0.288
2.55 2.40 0.078 0.078 60 0.180 0.381
2.55 2.40 0.078 0.078 90 0.196 0.456
2.55 2.40 0.078 0.074 30 0.165 0.280
2.55 2.40 0.078 0.074 60 0.180 0.369
2.55 2.40 0.078 0.074 90 0.196 0.443
2.55 2.50 0.078 0.078 30 0.069 0.226
2.55 2.50 0.078 0.078 60 0.088 0.324
2.55 2.50 0.078 0.078 90 0.105 0.403
2.55 2.50 0.078 0.074 30 0.068 r  0.218
2.55 2.50 0.078 0.074 60 0.087 0.311
2.55 2.50 0.078 0.074 90 0.104 0.388
2.55 2.60 0.078 0.078 30 0.010 0.180
2.55 2.60 0.078 0.078 60 0.024 0.275
2.55 2.60 0.078 0.078 90 0.039 0.353
2.55 2.60 0.078 0.074 30 0.009 0.170
2.55 2.60 0.078 0.074 60 0.022 0.263
2.55 2.60 0.078 0.074 90 0.037 0.338
2.55 2.70 0.078 0.078 30 0 0.135
2.55 2.70 0.078 0.078 60 0.003 0.230
2.55 2.70 0.078 0.078 90 0.008 0.310
2.55 2.70 0.078 0.074 30 0 0.125
2.55 2.70 0.078 0.074 60 0.002 0.217
2.55 2.70 0.078 0.074 90 0.007 0.294
Table 9b.
Estimated water call option prices for 1989-1990
(All in $)
CHAPTER 7. APPENDIX 55
ESTIMATED WATER CALL OPTION PRICES FOR
1991-1992 ($)
Commercial Consumers
A. Water Price
The water price (2.53), at the end of 1992 is used.
B. Exercise Price
Four different exercise prices are used, beginning below the water price and 
increasing by an amount of 0.10. This amount of increase is a rounded number 
of %4 of the water j r^ice.
G. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1991-1992. In 
the binomial case, as riskless rate per period is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %4.4, while the interest rate per period 
for the Binomial Option Pricing Model is found to be %0.1.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1991 and 1992 are found seperately and then 
the average of these is accepted to be the volatility. For 1991 and 1992, the 
standard deviations are found to be 0.1010 and 0.0 respectively, implying a 
volatility of 0.051.
b. Standard deviation for the period 1991-1992 is found to be 0.1160. Then, 
this two year volatility is divided by two in order to find annucil volatility which 
stood up to be 0.058. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 56
Year 1991 Year 1992
January 1.61 2.53
February 1.61 2.53
March 1.83 2.53
April 2.15 2.53
May 2.15 2.53
June 2.15 2.53
July 2.15 2.53
August 2.15 2.53
September 2.15 2.53
October 2.15 2.53
November 2.15 2.53
December 2.15 2.53
Table 10a.
Water Prices for 1991-1992
(All in $)
CHAPTER 7. APPENDIX 57
Water Exercise r Volatility Days Black-Scholes Binomial
2.53 2.40 0.044 0.051 30 0.138 0.219
2.53 2.40 0.044 0.051 60 0.147 0.290
2.53 2.40 0.044 0.051 90 0.156 0.350
2..53 2.40 0.044 0.058 30 0.138 0.234
2.53 2.40 0.044 0.058 60 0.147 0.311
2..53 2.40 0.044 0.058 90 0.156 0.376
2.53 2.50 0.044 0.051 30 0.041 0.154
2.53 2..50 0.044 0.051 60 0.053 0.226
2.53 2.50 0.044 0.051 90 0.063 0.288
2.53 2.50 0.044 0.058 30 0.043 0.171
2.53 2.50 0.044 0.058 60 0.054 r  0.250
2.53 2.50 0.044 0.058 90 0.065 0.317
2.53 2.60 0.044 0.051 30 0 0.105
2.53 2.60 0.044 0.051 60 0.004 0.175
2.53 2.60 0.044 0.051 90 0.010 0.234
2.53 2.60 0.044 0.058 30 0.001 0.123
2.53 2.60 0.044 0.058 60 0.006 0.200
2.53 2.60 0.044 0.058 90 0.013 0.265
2.53 2.70 0.044 0.051 30 0 0.067
2.53 2.70 0.044 0.051 60 0 0.132
2.53 2.70 0.044 0.051 90 0 0.189
2.53 2.70 0.044 0.058 30 0 0.084
2.53 2.70 0.044 0.058 60 0 0.157
2.53 2.70 0.044 0.058 90 0 0.221
Table 10b.
Estimated water call option prices for 1991-1992
(All in $)
CHAPTER 7. APPENDIX 58
ESTIMATED WATER CALL OPTION PRICES FOR
1993-1994 ($)
Commercial Consumers
A. Water Price
The water price (2.40), at the end of 1994 is used.
D. Exercise Price
Four different exercise prices are used, beginning below the water price and 
increasing by an amount of 0.10. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1993-1994. In 
the binomial case, as riskless rate per period is used and as a period is chosen 
to be a working day, the relevant interest rate is found by dividing this annual 
rate by 250 working days. Then, the annual interest rate for the Black-Scholes 
Option Pricing Model is found to be %3, while the interest rate per period for 
the Binomial Option Pricing Model is found to be %0.1.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standai'd deviations for 1993 and 1994 are found seperately and then 
the average of these is accepted to be the volatility. For 1993 and 1994, the 
standard deviations are found to be 0.0102 and 0.0 respectively, implying a 
volatility of 0.005.
b. Standard deviation for the period 1993-1994 is found to be 0.0560. Then, 
this two year volatility is divided by two in order to find annual volatility which 
stood up to be 0.028. This latter computation was made in order to take the 
jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 59
Year 1993 Year 1994
January 2.71 2.40
February 2.71 2.40
March 2.71 2.40
April 2.71
May 2.71
June 2.71
July 2.71
August 2.71
Septenrber 2.71
October 2.71
November 2.78
December 2.78
Table 11a.
Water Prices for 1993-1994
(All in $)
CHAPTER 7. APPENDIX 60
Water Exercise r Volatility Days Black-Scholes Binomial
2.40 2.30 0.030 0.005 30 0.105 0.145
2.40 2.30 0.030 0.005 60 0.111 0.190
2.40 2..30 0.030 0.005 90 0.117 0.233
2.40 2.30 0.030 0.028 30 0.105 0.158
2.40 2.30 0.030 0.028 60 0.111 0.209
2.40 2.30 0.030 0.028 90 0.117 0.256
2.40 2.40 0.030 0.005 30 0.006 0.047
2.40 2.40 0.030 0.005 60 0.011 0.094
2.40 2.40 0.030 0.005 90 0.017 0.139
2.40 2.40 0.030 0.028 30 0.011 0.085
2.40 2.40 0.030 0.028 60 0.017 0.138
2.40 2.40 0.030 0.028 90 0.023 0.185
2.40 2.50 0.030 0.005 30 0 0
2.40 2.50 0.030 0.005 60 0 0.009
2.40 2.50 0.030 0.005 90 0 0.046
2.40 2.50 0.030 0.028 30 0 0.039
2.40 2.50 0.030 0.028 60 0 0.084
2.40 2.50 0.030 0.028 90 0 0.127
2.40 2.60 0.030 0.005 30 0 0
2.40 2.60 0.030 0.005 60 0 0
2.40 2.60 0.030 0.005 90 0 0
2.40 2.60 0.030 0.028 30 0 0.013
2.40 2.60 0.030 0.028 60 0 0.045
2.40 2.60 0.030 0.028 90 0 0.081
Table lib .
Estimated water call option prices for 1993-1994
(All in $)
CHAPTER 7. APPENDIX 61
ESTIMATED WATER CALL OPTION PRICES FOR
1985-1986-1987 ($)
Households
A. Water Price
The water price (0.18), at the end of 1987 is used.
B. Exercise Price
Four different exercise prices are used, beginning below the water price and 
increasing by an amount of 0.01. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1985-1986- 
1987. In the binomial case, as riskless rate per period is used and as a period 
is chosen to be a working day, the relevant interest rate is found by dividing 
this annual rate by 250 working days. Then, the annual interest rate for the 
Black-Scholes Option Pricing Model is found to be %6.4, while the interest 
I'ate per period for the Binomial Option Pricing Model is found to be %0.1.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1985,1986 and 1987 are found sej^erately and then 
the average of these is accepted to be the volatility. For 1985,1986 and 1987, 
the standard deviations are found to be 0.0, 0.0 and 0.0 respectively, implying 
a volatility of 0.0.
b. Standard deviation for the period 1985-1987 is found to be 0.2599. Then, 
this three year volatility is divided by three in order to find annual volatility 
which stood up to be 0.087. This latter computation was made in order to 
take the jump of the price at the beginning of each year into account.
In the binomial case, half of the vola.tilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 62
Year 1985 Year 1986 Year 1987
January 0.30 0.23 0.18
February 0.30 0.23 0.18
March 0.30 0.23 0.18
April 0.30 0.23 0.18
May 0.30 0.23 0.18
June 0.30 0.23 0.18
July 0.30 0.23 0.18
August 0.30 0.23 0.18
September 0.30 0.23 0.18
October 0.30 0.23 0.18
November 0.30 0.23 0.18
December 0.30 0.23 0.18
Table 12a.
Water Prices for 1985-1986-1987
(All in $)
CHAPTER 7. APPENDIX 63
Water Exercise r Volatility Days Black-Scholes Binomial
0.18 0.17 0.064 0.0 30 0.010 0.013
0.18 0.17 0.064 0.0 60 0.011 0.016
0.18 0.17 0.064 0.0 90 0.012 0.019
0.18 0.17 0.064 0.087 30 0.010 0.021
0.18 0.17 0.064 0.087 60 0.011 0.028
0.18 0.17 0.064 0.087 90 0.012 0.033
0.18 0.18 0.064 0.0 30 0 0.003
0.18 0.18 0.064 0.0 60 0.001 0.007
0.18 0.18 0.064 0.0 90 0.002 0.010
0.18 0.18 0.064 0.087 30 0.002 0.015
0.18 0.18 0.064 0.087 60 0.003 0.022
0.18 0.18 0.064 0.087 90 0.004 0.028
0.18 0.19 0.064 0.0 30 0 0
0.18 0.19 0.064 0.0 60 0 0
0.18 0.19 0.064 0.0 90 0 0.001
0.18 0.19 0.064 0.087 30 0 0.011
0.18 0.19 0.064 0.087 60 0 0.018
0.18 0.19 0.064 0.087 90 0 0.024
0.18 0.20 0.064 0.0 30 0 0
0.18 0.20 0.064 0.0 60 0 0
0.18 0.20 0.064 0.0 90 0 0
0.18 0.20 0.064 0.087 30 0 0.007
0.18 0.20 0.064 0.087 60 0 0.014
0.18 0.20 0.064 0.087 90 0 0.020
Table 12b.
Estimated water call option prices for 1985-1986-1987
(All in $)
CHAPTER 7. APPENDIX 64
ESTIMATED WATER CALL OPTION PRICES FOR
1988-1989-1990 ($)
Households
A. Water Price
The water price (0.37), at the end of 1990 is used.
B. Exercise Price
Four diiferent exercise prices are used, beginning below the Wciter price and 
increasing by an amount of 0.01. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual rate 
of interest on 1 year T-bills sold by auction in USA” throughout 1988-1989- 
1990. In the binomial case, as riskless rate per period is used and as a period 
is chosen to be a working day, the relevant interest rate is found by dividing 
this annual rate by 250 working days. Then, the annual interest rate for the 
Black-Scholes Option Pricing Model is found to be %7.4, while the interest 
rate per period for the Binomial Option Pricing Model is found to be %0.1.
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1988,1989 and 1990 are found seperately and then 
the average of these is accepted to be the volatility. For 1988,1989 and 1990, 
the standard deviations are found to be 0.0072, 0.1911 and 0.1138 respectively, 
implying a volatility of 0.104.
b. Standard deviation for the period 1988-1990 is found to be 0.2210. Then, 
this three year volatility is divided by three in order to find annual volatility 
which stood up to be 0.074. This latter computation was made in order to 
take the jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the upper and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Option 
Pricing Model.
CHAPTER 7. APPENDIX 65
Year 1988 Year 1989 Year 1990
January 0.19 0.18 0.23
February 0.19 0.18 0.37
March 0.19 0.18 0.37
April 0.19 0.18 0.37
May 0.19 0.18 0.37
June 0.19 0.28 0.37
July 0.19 0.28 0.37
August 0.19 0.28 0.37
September 0.19 0.28 0.37
October 0.19 0.28 0.37
November 0.19 0.28 0.37
December 0.19 0.28 0.37
Table 13a.
Water Prices for 1988-1989-1990
(All in $)
CHAPTER 7. APPENDIX 66
Water Exercise r Volatility Days Black-Scholes Binomial
0.37 0.36 0.074 0.104 30 0.012 0.042
0.37 0.36 0.074 0.104 60 0.015 0.059
0.37 0.36 0.074 0.104 90 0.018 0.073
0.37 0.36 0.074 0.074 30 0.012 0.033
0.37 0.36 0.074 0.074 60 0.014 0.046
0.37 0.36 0.074 0.074 90 0.017 0.057
0.37 0.37 0.074 0.104 30 0.005 0.037
0.37 0.37 0.074 0.104 60 0.008 0.055
0.37 0.37 0.074 0.104 90 0.011 0.068
0.37 0.37 0.074 0.074 30 0.004 0.028
0.37 0.37 0.074 0.074 60 0.007 0.041
0.37 0.37 0.074 0.074 90 0.009 0.052
0.37 0.38 0.074 0.104 30 0.001 0.033
0.37 0.38 0.074 0.104 60 0.003 0.050
0.37 0.38 0.074 0.104 90 0.006 0.064
0.37 0.38 0.074 0.074 30 0 0.023
0.37 0.38 0.074 0.074 60 0.002, 0.036
0.37 0.38 0.074 0.074 90 0.004 0.047
0.37 0.39 0.074 0.104 30 0 0.029
0.37 0.39 0.074 0.104 60 0.001 0.046
0.37 0.39 0.074 0.104 90 0.002 0.060
0.37 0.39 0.074 0.074 30 0 0.019
0.37 0.39 0.074 0.074 60 0 0.032
0.37 0.39 0.074 0.074 90 0.001 0.043
Table 13b.
Estimated water call option prices for 1988-1989-1990
(All in $)
CHAPTER 7. APPENDIX 67
ESTIMATED WATER CALL OPTION PRICES FOR
1991-1992-1993-1994 ($)
Households
A. Watei' Price
The water price (0.56), at the end of 1994 is used.
B. Exercise Price
Four different exercise prices are used, beginning below the water price and 
increasing by an amount of 0.02. This amount of increase is a rounded number 
of %4 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is an average of the “Average annual 
rate of interest on 1 year T-bills sold by auction in USA” throughout 1991- 
1992-1993-1994. In the binomial case, as riskless rate per period is used and 
as a period is chosen to be a working day, the relevant interest rate is found 
by dividing this annual rate by 250 working days. Then, the annual interest 
rate for the Black-Scholes Option Pricing Model is found to be %3.9, while the 
interest rate per period for the Binomial Option Pricing Model is found to be 
% 0 .1 .
D. Volatility
Throughout the estimation, two different volatilities are used:
a. Standard deviations for 1991,1992,1993 and 1994 are found seperately and 
then the average of these is accepted to be the volatility. For 1991,1992,1993 
and 1994, the standard deviations are found to be 0.1554, 0.0,0.0 and 0.0 re­
spectively, implying a volatility of 0.039.
b. Standard deviation for the period 1991-1994 is found to be 0.1150. Then, 
this four year volatility is divided by four in order to find annual volatility 
which stood uiD to be 0.029. This latter computation was made in order to 
take the jump of the price at the beginning of each year into account.
In the binomial case, half of the volatilities are used for the U2:)per and down 
movements per period.
E. Days Until Expiration
Three different expiration days are used: One, two, three months. This corre­
sponds to 30, 60 and 90 days for the Black-Scholes Option Pricing Model and, 
as working days are considered, 20, 40 and 60 periods for the Binomial Model.
CHAPTER 7. APPENDIX 68
Year 1991 Year 1992 Year 1993 Year 1994
January 0.32 0.65 0.68 0.56
February 0.48 0.65 0.68 0.56
March 0.65 0.65 0.68 0.56
April 0.65 0.65 0.68
May 0.65 0.65 0.68
June 0.65 0.65 0.68
July 0.65 0.65 0.68
August 0.65 0.65 0.68
September 0.65 0.65 0.68
October 0.65 0.65 0.68
November 0.65 0.65 0.68
December 0.65 0.65 0.68
Table 14a.
Water Prices for 1991-1992-1993-1994
(All in $)
CHAPTER 7. APPENDIX 69
Water Exercise r Volatility Days Black-Scholes Binomial
0.56 0.54 0.039 0.039 30 0.021 0.037
0.56 0.54 0.039 0.039 60 0.023 0.051
0.56 0.54 0.039 0.039 90 0.023 0.063
0.56 0.54 0.039 0.029 30 0.021 0.034
0.56 0.54 0.039 0.029 60 0.023 0.046
0.56 0.54 0.039 0.029 90 0.025 0.057
0.56 0.56 0.039 0.039 30 0.003 0.024
0.56 0.56 0.039 0.039 60 0.005 0.038
0.56 0.56 0.039 0.039 90 0.007 0.050
0.56 0.56 0.039 0.029 30 0.002 0.020
0.56 0.56 0.039 0.029 60 0.004 0.032
0.56 0.56 0.039 0.029 90 0.006 0.043
0.56 0.58 0.039 0.039 30 0 0.014
0.56 0.58 0.039 0.039 60 0 0.028
0.56 0.58 0.039 0.039 90 0 0.039
0.56 0.58 0.039 0.029 30 0 0.010
0.56 0.58 0.0.39 0.029 60 0 0.021
0.56 0.58 0.039 0.029 90 0 0.031
0.56 0.60 0.039 0.039 30 0 0.008
0.56 0.60 0.039 0.039 60 0 0.019
0.56 0.60 0.039 0.039 90 0 0.030
0.56 0.60 0.039 0.029 30 0 0.004
0.56 0.60 0.039 0.029 60 0 0.012
0.56 0.60 0.039 0.029 90 0 0.021
Table 14b.
Estimated water call option prices for 1991-1992-1993-1994
(All in $)
CHAPTER 7. APPENDIX 70
ESTIMATED 2-MONTH WATER CALL OPTION  
PRICES FOR 1987-1994 (MONTHLY)
Commercial Consumers
A. Water Price
O'he water price at each month is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is taken from the previous estimations.
D. Volatility
Throughout the estimation, two different volatilities lor each water price are 
used which are taken from the previous estimations.
E. Days Until Expiration
Only one expiration day is used; Two months. This corresponds to 60 days for 
the Black-Scholes Option Pricing Model and, as working days are considered, 
40 periods for the Binomial Option Pricing Model.
The results are given next.
CHAPTER 7. APPENDIX 71
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Feb 87 1620 1600 0.590 0.045 167 175
0.091 167 256
1650 0.045 122 144
0.091 122 231
1700 0.045 77 116
0.091 79 205
1750 0.045 33 91
0.091 42 185
Mar-Dec 87 2063 2050 0.045 202 214
0.091 202 320
2100 0.045 157 184
0.091 157 294
2150 0.045 111 155
0.091 113 269
2200 0.045 66 130
0.091 74 247
Jan-Oct 88 3036 3000 0.045 313 327
0.091 313 479
3100 0.045 222 265
0.091 223 429
3200 0.045 131 210
0.091 137 379
3300 0.045 48 162
0.091 67 340
Nov-Dec 88 2993 3000 0.045 270 295
0.091 270 451
3100 0.045 179 234
0.091 181 400
3200 0.045 89 184
0.091 101 356
3300 0.045 20 142
0.091 43 317
CHAPTER 7. APPENDIX 72
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-May 89 3638 3600 0.548 0.078 348 522
0.104 348 631
3700 0.078 257 469
0.104 259 581
3800 0.078 168 417
0.104 175 532
3900 0.078 91 375
0.104 104 491
Jun-Dec 89 3990 4000 0.078 334 545
0.104 335 666
4100 0.078 244 493
0.104 248 617
4200 0.078 158 442
0.104 167 568
4300 0.078 85 402
0.104 101 530
Jan-Sep 90 6540 6600 0.078 508 871
0.104 511 1071
6800 0.078 330 767
0.104 340 972
7000 0.078 172 678
0.104 194 888
7200 0.078 64 597
0.104 91 812
CHAPTER 7. APPENDIX 73
Date Water Exercise r Volatility Black-Scholes Binomial
Oct-Nov 90 6570 6600 0.548 0.078 538 891
0.104 540 1091
6800 0.078 359 786
0.104 367 992
7000 0.078 195 694
0.104 216 904
7200 0.078 78 613
0.104 105 829
Dec 90 6653 6600 0.078 621 946
0.104 622 1146
6800 0.078 439 841
0.104 444 1047
7000 0.078 266 739
0.104 282 949
7200 0.078 125 658
0.104 151 873
CHAPTER 7. APPENDIX 74
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Feb 91 6720 6800 0.754 0.051 712 836
0.132 714 1434
7000 0.051 536 709
0.132 544 1336
7200 0.051 359 600
0.132 387 1257
7400 0.051 188 498
0.132 251 1182
Mar-91 7616 7600 0.051 901 1016
0.132 903 1678
7800 0.051 725 887
0.132 729 1580
8000 0.051 548 767
0.132 563 1486
8200 0.051 372 658
0.132 409 1410
Apr-Dec 91 8960 9000 0.051 1009 1157
0.132 1011 1945
9200 0.051 832 1028
0.132 838 1847
9400 0.051 655 909
0.132 672 1752
9600 0.051 479 800
0.132 516 1677
Jan-Dec 92 17360 17500 0.051 1900 2003
0.132 1904 3739
18000 0.051 1458 1879
0.132 1477 3494
18500 0.051 1016 1604
0.132 1075 3287
19000 0.051 582 1337
0.132 721 3098
CHAPTER 7. APPENDIX 75
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Oct 93 30240 30000 0.920 0.005 4450 4667
0.088 4450 5967
31000 0.005 3590 3815
0.088 3591 5401
32000 0.005 2731 2962
0.088 2732 4859
33000 0.005 1871 2110
0.088 1886 4397
Nov-Dec 93 31050 31000 0.005 4400 4625
0.088 4400 6015
32000 0.005 3541 3772
0.088 3541 5450
33000 0.005 2681 2920
0.088 2683 4924
34000 0.005 1822 2068
0.088 1841 4462
Jan-Mar 94 52785 53000 0.005 7223 7607
0.088 7223 10057
54000 0.005 6364 6754
0.088 6364 9491
55000 0.005 5504 5902
0.088 5504 8926
56000 0.005 4644 5049
0.088 4647 8417
Table 15.
Estimated 2-month water call option prices lor 1987-1994 
(All in TL)
CHAPTER 7. APPENDIX 76
ESTIMATED 2-M ONTH WATER CALL OPTION  
PRICES FOR 1985-1994 (MONTHLY)
Households
A. Water Price
The water price at each month is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is taken from the previous estimations.
D. Volatility
Throughout the estimation, two different volatilities for each water price are 
used which are taken from the previous estimations.
Ë. Days Until Expiration
Only one expiration day is used: Two months. This corresponds to 60 days for 
the Black-Scholes Option Pricing Model and, as working days are considered, 
40 periods for the Binomial Option Pricing Model.
The results are given next.
CHAPTER 7. APPENDIX 77
Date Water Exercise r Volatility Black-Scholes Binomial
Jan 85-Dec 86 154 155 0.490 0.0 11 10
0.002 11 10
160 0.0 6 6
0.002 6 6
165 0.0 1 2
0.002 1 2
170 0.0 0 0
0.002 0 0
Jan-Dec 87 156 160 0.0 8 8
0.002 8 8
165 0.0 3 3
0.002 3 3
170 0.0 0 0
0.002 0 0
175 0.0 0 0
0.002 0 0
CHAPTER 7. APPENDIX 78
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Oct 88 272 270 0.591 0.104 27 46
0.101 27 45
280 0.104 18 41
0.101 18 40
290 0.104 10 37
0.101. 10 36
300 0.104 4 33
0.101 4 32
Nov-Dec 88 267 270 0.104 22 43
0.101 27 42
280 0.104 13 38
0.101 13 37
290 0.104 6 34
0.101 6 33
300 0.104 2 30
0.101 2 29
Jan-May 89 371 370 0.104 35 63
0.101 35 61
380 0.104 26 58
0.101 26 56
390 0.104 18 53
0.101 18 51
400 0.104 11 49
0.101 10 47
CHAPTER 7. APPENDIX 79
Date Water Exercise r Volatility Black-Scholes Binomial
Jun-Dec 89 590 580 0.591 0.104 63 104
0.101 63 101
600 0.104 45 94
0.101 45 91
620 0.104 29 84
0.101 28 81
640 0.104 15 76
0.101 14 74
Jan-Dec 90 974 975 0.104 89 163
0.101 89 163
1000 0.104 67 151
0.101 67 151
1025 0.104 46 138
0.101 46 138
1050 0.104 29 129
.
0.101 29 129
CHAPTER 7. APPENDIX 80
Date Water Exercise r Volatility Black-Scholes Binomial
Jan 91 1344 1350 0.830 0.039 166 160
0.058 166 183
1400 0.039 122 125
0.058 122 153
1450 0.039 78 95
0.058 79 127
1500 0.039 35 70
0.058 37 104
Feb 91 2016 2000 0.039 271 257
0.058 271 291
2050 0.039 227 222
0.058 227 260
2100 0.039 183 188
0.058 183 229
2150 0.039 140 157
0.058 140 204
Mar-Dec 91 2688 2700 0.039 332 320
0.058 332 367
2750 0.039 245 284
0.058 245 337
2800 0.039 157 251
0.058 158 306
2850 0.039 71 220
0.058 74 280
CHAPTER 7. APPENDIX 81
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Dec 92 4480 4500 0.830 0.039 553 533
0.058 553 613
4600 0.039 466 462
0.058 466 551
4700 0.039 379 397
0.058 379 493
4800 0.039 292 335
0.058 292 442
Jan-Dec 93 7560 7500 0.039 1016 967
0.058 1016 1439
7750 0.039 798 788
0.058 798 938
8000 0.039 580 628
0.058 580 798
8250 0.039 362 488
0.058 363 670
Jan-Mar 94 12420 12500 0.039 1514 1461
0.058 1514 1684
13000 0.039 1078 1121
0.058 1078 1383
13500 0.039 641 830
0.058 643 1129
14000 0.039 220 590
0.058 246 906
Table 16.
Estimated 2-month water Ccill option prices for 1985-1994 
(All in TL)
CHAPTER 7. APPENDIX 82
ESTIMATED 2-M ONTH WATER CALL OPTION  
PRICES FOR 1987-1994 ($) (MONTHLY)
Commercial Consumers
A. Water Price
The water price at each month is used.
B. Exercise Price
Four different exercise prices are used, beginning with the water price and in­
creasing by an amount of %3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is taken from the previous estimations.
D. Volatility
Throughout the estimation, two different volatilities for each water price are 
used which are taken from the previous estimations.
E. Days Until Expiration
Only one expiration day is used: Two months. This corresponds to 60 days for 
the Black-Scholes Option Pricing Model and, as working days are considered, 
40 periods for the Binomial Option Pricing Model.
The results are given next.
CHAPTER 7. APPENDIX 83
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Feb 87 1.89 1.80 0.063 0.045 0.108 0.200
0.041 0.108 0.196
1.90 0.045 0.019 0.1.38
0.041 0.017 0.134
2.00 0.045 0.0 0.091
0.041 0.0 0.086
2.10 0.045 0.0 0.056
0.041 0.0 0.051
Mar-Dec 87 2.41 2.30 0.045 0.133 0.252
0.041 0.133 0.247
2.40 0.045 0.040 0.189
0.041 0.038 0.183
2.50 0.045 0.001 0.1.36
0.041 0.001 0.130
2.60 0.045 0.0 0.095
0.041 0.0 0.089
Jan-Oct 88 2.14 2.00 0.045 0.160 0.254
0.041 0.160 0.250
2.10 0.045 0.062 0.186
0.041 0.062 0.182
2.20 0.045 0.003 0.131
0.041 0.002 0.125
2.30 0.045 0.0 0.088
0.091 0.0 0.082
Nov-Dec 88 2.11 2.00 0.045 0.130 0.229
0.041 0.130 0.222
2.10 0.045 0.036 0.166
0.041 0.035 0.156
2.20 0.045 0.0 0.115
0.041 0.0 0.104
2.30 0.045 0.0 0.076
0.041 0.0 0.066
CHAPTER 7. APPENDIX 84
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-May 89 1.72 1.60 0.078 0.078 0.140 0.268
0.074 0.140 0.260
1.70 0.078 0.048 0.211
0.074 0.047 0.203
1.80 0.078 0.004 0.163
0.074 0.003 0.155
1.90 0.078 0.0 0.126
0.074 0.0 0.118
Jun-Dec 89 1.88 1.80 0.078 0.103 0.262
0.074 0.103 0.254
1.90 0.078 0.025 0.211
0.074 0.024 0.202
2.00 0.078 0.001 0.166
0.074 0.001 0.157
2.10 0.078 0.0 0.130
0.074 0.0 0.120
Jan 90 1.53 1.40 0.078 0.147 0.252
0.074 0.147 0.246
1.50 0.078 0.052 0.194
0.074 0.052 0.187
1.60 0.078 0.004 0.146
0.074 0.003 0.138
1.70 0.078 0.0 0.109
0.074 0.0 0.101
CHAPTER 7. APPENDIX 85
Date Water Exercise r Volatility Black-Scholes Binomial
Feb-Sep 90 2.51 2.40 0.078 0.078 0.141 0.352
0.074 0.141 0.341
2.50 0.078 0.056 0.300
0.074 0.055 0.287
2.60 0.078 0.011 0.251
0.074 0.010 0.239
2.70 0.078 0.0 0.211
0.074 0.0 0.198
Oct-Nov 90 2.52 2.40 0.078 0.151 0.359
0.074 0.151 0.348
2.50 0.078 0.064 0.306
0.074 0.062 0.293
2.60 0.078 0.013 0.257
0.074 0.012 0.245
2.70 0.078 0.001 0.216
0.074 0.0 0.203
Dec 90 2.55 2.40 0.078 0.180 0.381
0.074 0.180 0.369
2.50 0.078 0.088 0.324
0.074 0.087 0.311
2.60 0.078 0.024 0.275
0.074 0.022 0.263
2.70 0.078 0.003 0.230
0.074 0.002 0.217
CHAPTER 7. APPENDIX 86
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Feb 91 1.61 1.50 0.044 0.051 0.120 0.203
0.058 0.120 0.215
1.60 0.051 0.026 0.139
0.058 0.028 0.155
1.70 0.051 0.0 0.091
0.058 0.0 0.107
1.80 0.051 0.0 0.056
0.058 0.0 0.071
Mar-91 1.83 1.70 0.051 0.142 0.2.34
0.058 0.142 0.247
1.80 0.051 0.045 0.169
0.058 0.046 0.185
1.90 0.051 0.001 0.116
0.058 0.002 0.135
2.00 0.051 0.0 0.077
0.058 0.0 0.096
Apr-Dee 91 2.15 2.00 0.051 0.164 0.273
0.058 0.164 0.289
2.10 0.051 0.066 0.208
0.058 0.067 0.227
2.20 0.051 0.005 0.153
0.058 0.007 0.175
2.30 0.051 0.0 0.110
0.058 0.0 0.131
Jan-Dec 92 2.53 2.40 0.051 0.147 0.290
0.058 0.147 0.311
2.50 0.051 0.053 0.226
0.058 0.054 0.250
2.60 0.051 0.004 0.175
0.058 0.006 0.200
2.70 0.051 0.0 0.132
0.058 0.0 0.157
CHAPTER 7. APPENDIX 87
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Oct 93 2.71 2.60 0.030 0.005 0.122 0.211
0.028 0.122 0.234
2.70 0.005 0.023 0.115
0.028 0.027 0.162
2.80 0.005 0.0 0.024
0.028 0.0 0.105
2.90 0.005 0.0 0.0
0.028 0.0 0.063
Nov-Dec 93 2.78 2.70 0.005 0.093 0.185
0.028 0.093 0.215
2.80 0.005 0.0 0.089
0.028 0.009 0.148
2.90 0.005 0.0 0.009
0.028 0.0 0.095
3.00 0.005 0.0 0.0
0.028 0.0 0.056
Jan-Mar 94 2.40 2.30 0.005 0.111 0.190
0.028 0.111 0.209
2.40 0.005 0.011 0.094
0.028 0.017 0.138
2.50 0.005 0.0 0.009
0.028 0.0 0.084
2.60 0.005 0.0 0.0
0.028 0.0 0.045
Table 17.
Estimated 2-month water call option prices for 1987-1994 
(All in $)
CHAPTER 7. APPENDIX 88
ESTIMATED 2-M ONTH WATER CALL OPTION  
PRICES FOR 1985-1994 ($) (MONTHLY)
Households
A. Water Price
The water pi'ice at each month is used.
B. Exercise Price
Four different exercise prices ¿ire used, beginning with the water j r^ice and in­
creasing by an amount of %.3 of the water price.
C. Riskless Interest Rate
The riskless interest rate that is used is taken from the previous estimations.
D. Volatility
Throughout the estimation, two different volatilities for each water price are 
used which are taken from the previous estimations.
E. Days Until Expiration
Only one expiration day is used: Two months. This corresponds to 60 dfiys for 
the Black-Scholes Option Pricing Model and, as working days are considered, 
40 periods for the Binomial Option Pricing Model.
The results are given next.
CHAPTER 7. APPENDIX 89
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Dec 85 0.30 0.29 0.064 0.0 0.013 0.021
0.087 0.013 0.043
0.30 0.0 0.003 0.011
0.087 0.006 0.038
0.31 0.0 0.0 0.002
0.087 0.001 0.033
0.32 0.0 0.0 0.0
0.087 0.0. 0.029
Jan-Dec 86 0.23 0.22 0.0 0.012 0.018
0.087 0.012 0.034
0.23 0.0 0.002 0.009
0.087 0.004 0.029
0.24 0.0 0.0 0.0
0.087 0.0 0.024
0.25 0.0 0.0 0.0
0.087 0.0. 0.020
Jan-Dec 87 0.18 0.17 0.0 0.011 0.016
0.087 0.011 0.028
0.18 0.0 0.001 0.007
0.087 0.003 0.022
0.19 0.0 0.0 0.0
0.087 0.0 0.018
0.20 0.0 0.0 0.0
0.087 0.0 0.014
CHAPTER 7. APPENDIX 90
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Dec 88 0.19 0.18 0.074 0.104 0.012 0.033
0.074 0.012 0.031
0.19 0.104 0.004 0.028
0.074 0.003 0.026
0.20 0.104 0.0 0.023
0.074 0.0 0.021
0.21 0.104 0.0 0.020
0.074 0.0 0.019
Jan-May 89 0.18 0.17 0.104 0.012 0.031
0.074 0.012 0.029
0.18 0.104 0.004 0.026
0.074 0.003 0.024
0.19 0.104 0.0 0.022
0.074 0.0 0.020
0.20 0.104 0.0 0.018
0.074 0.0 0.015
Jun-Dec 89 0.28 0.27 0.104 0.014 0.046
0.074 0.013 0.044
0.28 0.104 0.006 0.041
0.074 0.005 0.038
0.29 0.104 0.002 0.037
0.074 0.001 0.035
0.30 0.104 0.0 0.033
0.074 0.0 0.031
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Date Water Exercise r Volatility Black-Scholes Binomial
Jan 90 0.23 0.22 0.074 0.104 0.013 0.039
0.074 0.012 0.037
0.23 0.104 0.005 0.034
0.074 0.004 0.032
*0.24 0.104 0.001 0.029
0.074 0.0 0.027
0.25 0.104 0.0 0.026
0.074 0.0 0.024
Feb-Dec 90 0.37 0.36 0.104 0.015 0.059
0.074 0.014 0.046
0.37 0.104 0.008 0.055
0.074 0.007 0.041
0.38 0.104 0.003 0.050
0.074 0.002 0.036
0.39 0.104 0.001 0.046
0.074 0.0 0.032
CHAPTER 7. APPENDIX 92
Date Water Exercise r Volatility Black-Scholes Binomial
Jan 91 0.32 0.31 0.039 0.039 0.012 0.028
0.029 0.012 0.020
0.32 0.039 0.003 0.022
0.029 0.002 0.014
0.33 0.039 0.0 0.016
0.029 0.0 0.009
0.34 0.039 0.0 0.012
0.029 0.0 0.005
Feb 91 0.48 0.47 0.039 0.013 0.039
0.029 0.013 0.030
0.48 0.039 0.004 0.033
0.029 0.004 0.025
0.49 0.039 0.0 0.027
0.029 0.0 0.020
0.50 0.039 0.0 0.022
0.029 0.0 0.013
Mar 91-Dec 92 0.65 0.64 0.039 0.014 0.051
0.029 0.014 0.043
0.65 0.039 0.006 0.045
0.029 0.005 0.036
0.66 0.039 0.001 0.039
0.029 0.001 0.031
0.67 0.039 0.0 0.034
0.029 0.0 0.022
CHAPTER 7. APPENDIX 93
Date Water Exercise r Volatility Black-Scholes Binomial
Jan-Dec 93 0.68 0.67 0.039 0.0.39 0.014 0.053
0.029 0.014 0.045
0.68 0.039 0.006 0.047
0.029 0.005 0.039
0.69 0.0.39 0.002 0.041
0.029 0.001 0.039
0.70 0.039 0.0 0.036
0.029 0.0 0.027
Jan-Mar 94 0.56 0.55 0.039 0.023 0.051
0.029 0.023 0.046
0.56 0.039 0.005 0.038
0.029 0.004 0.032
0.57 0.039 0.0 0.28
0.029 0.0 0.21
0.58 0.039 0.0 0.019
0.029 0.0 0.012
Table 18.
Estimated 2-month water call option prices for 1985-1994 
(All in $)
TIME VARIATION OF ESTIMATED 2-MONTH WATER CALL OPTION PRICES
FOR 1987-1994 ($)
In this section, estimated water call option prices for commercial consumers for 1987-1994 is 
given on a graph. The first graph gives the water call option prices with an exercise price $1.50 each 
month. As expected the second graph uses $2.00 and the third $2.50 as the exercise price.
On each graph two plots are seen one of which is the water call option price with Binomial 
Option Pricing Model while the other plot is one with Black-Scholes Option Pricing Model.
The estimation is made with the relevant data for each month and using 60 days (40 periods) as 
the expiration date.
The relevant results and the graphs are given next.
E = $1.50 E = $2.00 E = $2.50 E = $1.50 E = $2.00 E = $2.50
Jan-Feb 87 0.405 0 0 0.450 0.081 0.002
Mar-Dec87 0.925 0.430 0.001 0.968 0.492 0.125
Jan-Oct 88 0.655 0.160 0 0.698 0.246 0.027
Nov-Dec88 0.625 0.130 0 0.668 0.222 0.022
Jan-May 89 0.239 0 0 0.327 0.087 0.016
Jun-Dec 89 0.399 0.001 0 0.463 0.157 0.037
Jan 90 0.052 0 0 0.187 0.033 0.004
Feb-Sep 90 1.029 0.535 0.055 1.070 0.621 0.287
Oct-Nov 90 1.039 0.545 0.062 1.080 0.630 0.293
Dec 90 1.069 0.575 0.087 1.109 0.656 0.311
Jan-Feb 91 0.120 0 0 0.215 0.027 0.001
Mar 91 0.340 0 0 0.402 0.096 O.Oll
Apr-Dee 91 0.660 0.164 0 0.710 0.289 0.069
Jan-Dec 92 1.040 0.544 0.054 1.088 0.620 0.250
Jan-Oct 93 1,217 0.719 0.222 1.268 0.788 0.317
Nov-Dec93 1.287 0.789 0.292 1.338 0.858 0.382
Jan-Mar 94 0.907 0.409 0 0.958 0.478 0.084
94
— Bl-Sc 
- H —  Bin
Graph 1.
Time variation of estimated 2-month water call option prices for 1987-1994 
Exercise price = $1.50
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Graph 2.
Time variation of estimated 2-month water call option prices for 1987-1994 
Exercise price = $2.00
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Graph 3.
I'ime var: :[ion of cslimalcd 2-monlii water call option prices Гог 1987-1994 
Exercise j'>rice = $2.50
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